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Discussion 
Step1: Prototype Design 
• Converts wasted mechanical vibrations and 
thermal gradients into electrical energy.   
• Includes circuitry to convert the output of the 
energy harvesting materials into a useable 
waveform.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step2: Prototype Testing 
1-Generating Cyclic Temperatures.  
 
 
 
 
 
 
 
2-Generating Vibration.  
 
 
 
 
 
 
3-Generating Cyclic Temperatures 
&Vibration.  
 
 
 
 
 
 
 
 
Step3: Performance Modeling and 
Optimization 
 
 
 
 
 
 
 
 
 
Step4: Scalability and Performance Report 
• The final prototype could be scaled for any 
application. 
• A comprehensive report is produced 
summarizing the results of the prototype 
development, testing and optimization.  This work is supported by Dominion resources. 
• Hybrid energy harvesting by pyroelectric and piezoelectric effect, 
simultaneously, increases more power as it does harvest by just 
piezoelectric/ pyroelectric effect. 
• Vibration, temperature amplitude, and stimulation frequency have direct 
relation to hybrid harvested power. Among these effective parameters, 
increasing vibration frequency has more positive effect resulted from more 
portion of piezoelectric effect in harvesting energy, compared with results 
from pyroelectric effect. 
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The following diagram shows the state of development and expected 
commercialization data for power generation from vibration and heat: 
Ref: Nikkei Electronics Asia, 2009 
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Applications 
Between 20% to 50% of industrial energy input is lost where vibrations and 
variable heating are a common form of these wasted energies.  The recovery 
of even a fraction of this lost energy would have a transformational impact.  
Recent technical breakthroughs in new composite materials make wasted 
energy harvesting a practical alternative energy source. In the current research 
hybrid piezoelectric and pyroelectric systems have been developed to harvest 
wasted energy and six different experimental set up have been prepared to 
maximize the harvested energy for the hybrid case.  Q220-A4-503XE
Piezo Material 5A4E
Weight (gr) 9.5
Stiffness (N/m) 10 x 106
Capacitance (nF) 254
Rated Voltage (Vp) ± 90
Resonant Frequency (Hz) 13,100
Free Deflection (µm) ± 7.2
Blocked Force (N) ± 72
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Equations that describe 
the behavior of 
piezoelectric materials:
The detectable current of 
a pyroelectric material:
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Step 4: Scalability
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Development of a comprehensive 
model as a function of inputs.
Optimization to maximize system 
performance and efficiency.
Linear least squares regression is used 
directly, with an appropriate data set:
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Experimental Set up:
Oscilloscope-4 channel
Closed Circuit case
Open Circuit case
